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Errata Sheet 
New Zealand (1995) should be New Zealand Ministry of Health (1995) 
Corrected word from "micro organism" to "microorganisms" 
Corrected reference from (Blouin et al, 1989) to (Blouin et al., 1990) 
Corrected references to "Ten Have et al. (1994)"; "Andreottola et al. 
(1997)" 
Lower case for faecal coliforms; enterococci replaces Streptococci 
Corrected reference to Blouin et al. (1990) 
Concentration of Nitrosobacteria was 990 MPN/ 100 ml, Nitrobacteria 
concentration was 2.8 *105 MPN/ 100 ml. Inoculations of bacteria were 106 -
109 MPNI 1 OOml 
Replace "chemotrophs" with "chemoautotrophs" 
Equations rewritten as : 
6N03- + 2CH30H ~ 6N02- + 2C02 + 4H20 (2 .3) 
6N02- + 3CH30H ~ 3N2 + 3C02 + 3H20 + 60ff (2.4) 
6N03- + 5CH30H ~ 3N2 + 5C02 + 7H20 + 60ff (2 .5) 
Corrected underlined word .. . Nitrobacter growth rates using nitrite as the 
limiting substrate. 
Reference: Bemardes, R.S. and K.lapwijk, A. (1996). Biological Nutrient 
Removal in a Sequencing Batch Reactor Treating Domestic Wastewater. 
Water Science and Technology.33 (3) pp. 29-38 
Lower case for "faecal coliforrns" ; replace "Faecal Streptococci" with 
"enterococci" 
Corrected reference to Wong et al. (1990) 
State reference as APHA Standard Methods (1995) 
State reference as APHA Standard Methods (1995) 
Replace "whom" with "who" 
Legend for first 9 weeks "SBR cycle time = 24 hours" 
Replace reference to Fig 4. 8 with Fig 4. 7 
Add underlined word: " of the successive" 
1st sentence rewritten: As ammonia oxidation rates increased from the day 160 
to 236 batch test, thus in the day 256 batch test, it was predicted that 6 hours 
for the initial aerobic period was sufficient in removing of most of the 
ammo ma. 
Replace the word "were" with "was" 
Replace the word "oppose" with "opposed" 
Correct µvalue to 2 decimal place as "0.1524" becomes "0.15" 
Express µmax as 0.29 hr"1 
x-axis is S (mg/I), y-axis is S/µ (mg.hi!) 
combined 1st and 2"d sentence .. . . waste was in the day 256 test, however in 
day 276 ... 
Correct sentence to "Thus indicating that factors other than reaction rate 
affected the overall removal of nitrate." 
Correct reference to New Zealand Ministry of Health (1995) 
Abstract 
Piggery wastewaters are particularly problematic when released untreated into the 
environment. They contain high levels of chemical oxygen demand (COD) and also 
nutrients such as nitrogen and phosphorus which can cause eutrophication in surface 
waters. 
The sequencing batch reactor is a form of biological treatment in a completely mixed 
reactor with aerobic and anoxic periods to facilitate nutrient removal. In this study 
nitrogen removal of piggery wastewater in a SBR by nitrification and denitrification was 
investigated. 
Screened raw piggery effluent was used in this study. Average non filtered feed contained 
a chemical oxygen demand of 12,679 mg /l. The average of the non filtered feed TKN was 
1103 mg/! with its largest component being ammonia having an average concentration of 
681 mg/! (non filtered feed). 
Initial experiments with solids retention time (SRT) of 15 days and the hydraulic retention 
time (HRT) was 5 and 3.3 days for 9 and 4 weeks respectively during Stage I. No 
significant nitrification activity was observed during this period. The reactor cycle time 
was then increased to 2 days which effectively increased the SR T to 3 0 days and HR T to 
6.7 days (Stage 2). The new environment allowed the nitrifying population to develop and 
nitrification was observed with the formation of nitrite and nitrate. 
The heterotrophic kinetic constants determined the yield coefficient as 0.49. The maximum 
specific growth rate (~) was 6. 8 daf 1 and half saturation constant (Ks) was 293. 6 mg/I. 
The COD removal of the feed in the SBR started from around 70% in weeks 6-10 during 
Stage 1 and reached 92.7% in week 29. Ammonia removal was not significant in the first 
17 weeks due to no significant nitrification activity during that time. After initiating a 2 
day reactor cycle, ammonia removal rates increased to over 90%. 
Batch tests indicated that most of the ammonia needed to be remove in the first aerobic 
period. This allows nitrite and nitrate concentrations to build up and be removed by the 
subsequent anoxic period. This was when there was enough readily degradable COD as 
not to inhibit denitrification. 
The reactor cycle time which achieved full nitrification and the highest nitrate removal by 
denitrification was observed in the batch test on day 256. The first 6 hour aerobic period 
removed 81 .1 % of the ammonia. Subsequent anoxic periods reduced the nitrate 
concentration in the effluent to 11. 0 mg Nil. 
The nitrification rates increased in the reactor over time as the nitrifying population 
acclimatised to the piggery effluent. In fact the highest nitrate formation and ammonia 
oxidation rate was 15.5 mg N/1. hand 24.6 mg N/1.h measured during the last test on day 
270. Nitrite formation rates peaked at 11.5 mg N/l.h. The SBR biomass population was 
able to remove nitrate efficiently as batch tests showed that denitrification rates could 
reach 22.1 mg N/l.h. 
The relationship between effluent nitrate levels and COD: ammonia concentration ratio 
was assessed in order the determine the importance of these chemical characteristics 
important in controlling the nitrification and denitrification activity in the SBR. Results 
showed that as the COD: ammonia concentration ratio increases, the effluent nitrate levels 
decreases. 
The study found that the SBR was suitable in removing COD and Nitrogen from piggery 
wastewater. 
Acknowledgements 
I would like to take this opportunity to thank people that has helped me in the completion 
of my Masterate thesis. 
First I would like to thank my supervisor Professor Rao Bhamidimarri for his invaluable 
guidance, support and positive ideas without which this project cannot be successfully 
completed. I also want to thank my co-supervisor Mr Ken Butler for his continual 
practical support and patience in dealing with problems arising from the laboratory and 
thesis work. 
Thanks to Mr Neil and Andrew Managh and all at Managh Piggery Farm of Feilding 
whom kindly provided me with assistance in obtaining the piggery effluent much needed 
in this project. 
I would like to express my appreciation for the technicians in the Institute and 
Environmental Engineering in their practical support in the laboratory and for their 
patience when instructing me with the equipment. I am grateful for technicians at the 
Soil Science Laboratories whom conducted some of the chemical analysis in this project. 
I am particularly grateful to my mother for all her moral support and keeping me healthy 
in order for me to complete this project. 
Lastly I would like to thank the Institute of Environmental Technology at Massey 
University for their support in continual research in Environmental Engineering which 





1.1 Water Quality Standards 
1.2 Objectives 
Literature Research 






2.2 Chemical Components Characteristics 14 
2.3 Bacteria Composition 15 
2.4 Biological Nutrient Removal 15 
2.5 Nitrogen Removal 16 
2.6 Nitrification 17 
2. 7 Denitrification 17 
2. 8 Conditions for Biological Nitrification 18 
2.9 Temperature 18 
2.10 Dissolved Oxygen 19 
2.11 pH 19 
2.12 Substrate Effects 20 
2.13 Toxic Substances 21 
2.14 Other Factors 21 
2.15 Nitrite Accumulation 22 
2.16 Nitrification Kinetics 23 
2.17 Measurement of Nitrification Rate 24 
2.18 Measurement ofDenitrification Rate 26 
2.19 Sequencing Batch Reactor 26 
2.19.1 Description 26 
2.19.2 Nutrient Removal by SBR from 28 
Other Wastes 
2.19.3 Removal ofHigh Strength 28 
Wastes 
2.19.4 Nutrient Removal by SBR from 29 
Piggery Waste 
2.19.5 Further Investigations 30 
Chapter 3 Material and Methods 31 
3.1 Sample Preservation 31 
3.2 Chemical Analysis 31 
3.2.1 Dissolved Oxygen 31 
3 .2.2 pH Control 31 
3.2 .3 Biomass Measurement 32 
3 .2.4 Chemical Oxygen Demand 32 
3.2.5 Nitrogen Analysis 33 
3.2.5.1 Ammonia Nitrogen 33 
3.2.5.2 TKN 33 
2.2.5 .3 Nitrate and Nitrite 34 
3.3 Reactor 34 
3.4 Culture and Feed Stock 34 
3.5 Reactor Cycle for Initial Experiments 35 
3.51 Heterotrophic Kinetics 35 
3.52 Ks and ~x 36 
3. 6 Reactor Cycle for Nitrification 36 
3.7 Nitrate Formation 37 
3. 8 Determining Ammonia Volatilisation 37 
3.9 Adjusting to Reactor Cycle Times 37 
3 .10 Nitrification Kinetics 38 
3.11 Denitrification Test 39 
Chapter 4 Results and Discussion 40 
4.1 Feed Characteristics 40 
4.2 COD and Ammonia at the Start of 43 
Nitrification Batch Tes ts 
4.3 COD and Nitrate at the Start of 44 
Denitrification Batch Tests 
4.4 Chemical Oxygen Demand in SBR 45 
4.5 Ammonia Removal 49 
4.6 TKN Removal in SBR 51 
4.7 Cycle Tests in SBR 52 
4.8 Nitrite Accumulation 53 
4.9 Nitrate Formation 55 
4.10 Adjusting the Anoxic and Aerobic 59 
Periods and Oxygen Supply 
4.11 Yield Coefficient Test 64 
4.12 Half Saturation Constant (Ks ) and 65 
maximum specific growth rate ( µmax) 
4.13 Nitrification Kinetics 67 
4 .14 Denitrification Tests 71 
4.15 COD: Ammonia Ratio 72 
Chapter 5 Conclusion 74 
5 .1 Further Investigations 76 
Chapter 6 References 77 
Appendix 
Table Title Page 
2.1 Summary of Characterisation of Piggery Waste in Literature 14 
2.2 Typical Kinetic Coefficients for Nitrifying Bacteria 24 
2.3 Summary of Nitrification Rates in Literature 25 
2.4 Biological reactions in React Stage in SBR 27 
2.5 Summary in Removal of Piggery Wastewater Components in SBR 30 
Systems 
4 .1 Stage 1 Feed Characteristics used in Large SBR 41 
4.2 Stage 2 Feed Characteristics used in Large SBR 41 
4.3 Chemical Characteristics of the Filtered Fraction of Reactor Contents 43 
at Start of Nitrification Batch Tests in SBR 
4.4 Chemical Characteristics of the Filtered Fraction of Reactor Contents 44 
at Start of Denitrification Batch Tests in 1 Litre Reactor 
4.5 SBR operation during week 9 to 13 in Stage 1 52 
4.6 Summary of Stage 2 Reactor Cycle Batch Tests 59 
4 .7 Reactor Cycle Test Times for Days 256 and 276 62 
4 .8 Yield Coefficient of Shaker Test 64 
4.9 Results from Batch Growth Kinetic Test 65 
4.10 Nitrification Rates from Ammonia Oxidation and Nitrite and Nitrate 67 
Formation during Reactor Cycle Tests in SBR 
4.11 Batch tests: Average Nitrification Rates from Ammonia Oxidation 68 
and Nitrite and Nitrate Formation 
4.12 Denitrification Rate from Large Reactor and Batch Tests. 71 
4.13 COD: Ammonia Ratios in Batch Tests 72 
Figure Title Page 
4.1 Average Weekly COD Values (mg/I) used in SBR 46 
4 .2 Average Weekly COD Removal of Non Filtered Feed in Reactor 46 
4.3 Average Weekly COD Removal Percentage of the Soluble Fraction of 47 
the Feed (defined by GFC filtration) 
4.4 Average Weekly Ammonia Concentration in SBR 50 
4.5 Percentage Ammonia Removal of Non Filtered Feed in SBR 51 
4 .6 Nitrate Concentration in 24 hour Reactor Cycle Time 53 
4 .7 Nitrite Build Up in the Reactor Without Initial Anoxic Cycle 54 
4.8 Cycle Time in Reactor with Nitrite Accumulation 55 
4 .9 Nitrification Batch Test on Day 166 56 
4 .10 COD ofNitrification Batch Test on Day 166 with Added Methanol 57 
4.11 Reactor Cycle Time for Batch Study Shown in Fig 4.9 57 
4 .12 Denitrification Batch Test 58 
4.13 Nitrification Batch Test on Day 256 60 
4.14 Shaker Tests ML VSS 64 
4.15 Shaker Tests COD 65 
4.16 Hanes - Woolf Plot for Growth Kinetic Test 66 
4.17 COD: Ammonia and Effluent Oxidised Nitrogen Concentrations in 73 
Batch Tests 
